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(54) Scroll compressor with liquid injection 

(57) Scroll compressors are provided with injection 
ports for injecting fluid Irom a supplemental source such 
as an economizer cycle or by-passing fluid through an 
unloader valve. The injection ports are formed in each 
of two compression chambers whose volume is being 
reduced towards a discharge port. Due to various de- 



sign constraints, it is desirable that the injection ports 
have unequal characteristics. In some cases, it may be 
desirable to make the injection ports of different size, 
including width, depth, and length. In other applications, 
it may be desirable to locate the injection ports at differ- 
ent angular positions relative to compression chambers 
seal off from suction. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This Application claims priority to U.S. Provi- 
sional Application 60/096,722, filed 17 August 1996. 
[0002] This invention relates to the optimization ot the 
size and/or location ot injection ports for use in scroll 
compressors. 

[0003] Scroll compressors are becoming widely uti- 
lized in refrigerant compression applications. Scroll 
compressors are generally formed of an orbiting and a 
non-orbiting scroll member. Both of the scroll members 
have spiral wraps extending from their respective base 
plates. The spiral wraps of orbiting and non-orbiting 
members interfit to define compression chambers. Typ- 
ically, at least two compression chambers are being 
moved concurrently towards a discharge port com- 
pressing the refrigerant. 

[0004] One compressor feature which has been used 
in scroll compressors and has increased the efficiency 
of the overall refrigerant system is an economizer cycle. 
An economizer cycle provides thermodynamic benefits 
as a supplemental fluid is injected into the scroll com- 
pressor compression chambers at a position down- 
stream of the suction inlet. 

[0005] In addition to economizer cycle or as a stand 
alone feature an unloader valves can also be incorpo- 
rated into scroll compressors design to selectively by- 
pass the refrigerant from a more compressed location 
back to a less compressed location. 
[0006] With either an economizer cycle, and/or with 
an unloader valve, there is an injection port for each of 
the two compression chambers. Thus, in known scroll 
compressors there has typically been a pair of injection 
ports associated with either the economizer cycle or by- 
pass operation utilizing the unloader valve. 
[0007] The injection ports are usually lormed through 
the non-orbiting scroll, and they have both been of an 
equal cross-sectional area, equal depth, located at 
equal angular position in each compression chamber 
with respect to suction chamber seal off point 
[0008] The use of equal injection ports has created 
some inefficiencies and concerns. As an example, there 
may be unequal pressure drops in the connecting lines 
leading to each of the ports due to differences in the line 
geometries 

[0009] Also unequal flow may occur due to the use of 
so-called hybrid profiles for the scroll wraps. Scroll 
wraps once had an essentially uniform thickness 
throughout their entire wrap. More recently scroll wraps 
have been optimized to have a varying thickness along 
a wrap. Thus, a scroll wrap portion associated with one 
injection port may have a very different thickness than 
a scroll wrap portion associated with the other. The dif- 
ferent thickness could then change the amount of time 
that each of the ports is uncovered by the orbiting scroll 
wrap. 



SUMMARY OF THE INVENTION 

[0010] In a disclosed embodiment of this invention, 
the two injection ports are formed to be unequal, and/or 

s be positioned at different angular positions in each com- 
pression chamber with respect to suction chambers seal 
off point to achieve desired design characteristics. As 
one example, the two injection ports can be of different 
cross-sectional areas, including width, depth or length. 

10 in this way, the scroll designer is able to tailor the flow 
through the two injection ports to achieve an optimum 
flow into each compression chamber. 
[0011] The exact size and position of the two injection 
ports is preferably tailored to achieve an approximately 

is balanced mass flow of fluid to each of the compression 
chambers, although in some applications it may be un- 
balanced flow which is sought by the designer. By pro- 
viding an approximately balanced amount of refrigerant 
injection into each chamber, pressure in each compres- 

20 sion chamber remains to be equal and thus mixing loss- 
es which occur when two chambers merge that may 
have occurred in the prior art are eliminated. Further, 
pulsation and sounds due to unequal pressure in com- 
pression chambers are reduced. 

25 [001 2] With the present invention, a scroll compressor 
designer determines the optimum size (width, length 
and depth) of the port, and also an optimum location. By 
doing this, the design of the two injection ports is select- 
ed to achieve desired characteristics. The size, position, 

30 etc. can be determined experimentally or analytically. It 
is the use of differently sized or positioned ports which 
is inventive. 

[001 3] These and other features of the present inven- 
tion can be best understood from the following specifi- 
cs cation and drawings, the following of which is a brief de- 
scription. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0014] Figure 1 A shows a prior art scroll compressor. 
[0015] Figure 1B shows one of the Figure 1A com- 
pressor members. 

[0016] Figure 2 shows a feature of the fluid supply of 
scroll compressors generally. 
45 [0017] Figure 3 shows the inventive scroll compres- 
sor. 

[0018] Figure 4 is a cross-sectional view along line 4-4 
of Figure 3. 

SO DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0019] Figure 1A shows a known scroll compressor 
pump element 20 having a non-orbiting scroll 22 with a 
55 wrap 24. As shown, wrap 24 starts from an approximate 
center point 26, and expands generally along a spiral to 
an outer location. As also shown, an orbiting scroll wrap 
30 interfits with scroll wrap 24, and defines a plurality of 
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compression chambers such as chambers 29 and 31 . 
[0020] As shown in Figure 1 B, injection ports 33 and 
32 selectively communicate with chambers 31 and 29, 
respectively. 

[0021] As shown in Figure 2, passage 34 communi- 
cates to port 32. Passage 34 communicates through 
passages 38 to port 33. Passage 38 is often curved to 
avoid the intersection with the discharge port. For this 
reason, the passage is shown in phantom. Passage 34 
may communicate within an economizer cycle (x), or 
with an unloader valve (y), or both, shown schematically, 
[0022] As can be appreciated from Figure 2, fluid 
passing to port 33 must travel through a much longer 
distance than the fluid passing to port 32. Thus, the pres- 
sure drops associated with passage into two ports, 33, 
32 is quite distinct. This will affect the mass flow of fluid 
into the two ports. 

[0023] Moreover, as can be appreciated from Figure 
1 A, the thickness of the wraps varies along their length. 
These so-called "hybrid wraps* are a recent develop- 
ment in scroll compressor technology. The orbiting scroll 
wrap moves over ports 33 and 32 and selectively opens 
each port to allow flow into the chambers 31 and 29. 
However, as shown in phantom in Figure 1 B, since the 
orbiting scroll wrap thickness dl in the area of port 33 is 
distinct from the scroll wrap thickness d2 in the area of 
port 32, there are distinct opening times for each port 
with the prior art single sized ports. Again, this can result 
in unequal mass flow into the two ports. 
[0024] Notably, the ports 33 and 32 also have been 
typically located at approximately equal angular position 
in each compression chamber with respect to their seal 
off point from suction and have typically been formed of 
identical cross-sectional area. Thus : with the prior art 
equal sized and positioned ports had unequal mass flow 
entering chambers 31 and 29. 

[0025] The present invention addresses this problem 
as shown in Figure 3. Ports 42 and 44 in the Figure 3 
embodiment are of different cross-sectional areas, and 
associated with compression chambers 31 and 29, re- 
spectively It should be understood that the relative sizes 
may be exaggerated to illustrate the point. As shown, 
the port 44 is smaller than the port 42. The port 42 needs 
to be of a larger size to compensate for a longer opening 
time of port 44. The port 44 remains open for a longer 
time because the orbiting scroll is thinner at location d2 
than at location dl. This may be desirable given the ap- 
proximate size of the wraps, or the other conditions in 
the compression chamber 29 compared to the compres- 
sion chamber 31. Further, the port with the greatest re- 
sistance to flow due to its supply •plumbing* (Figure 2) 
may be provided with the greater cross-sectional area 
to compensate for the additional resistance of the line 
38 leading to this port. 

[0026] As shown in Figure 4, port 44 may have an un- 
dercut 50 into the wrap 24. This undercutting may actu- 
ally be quite slight, but allows the provision of a greater 
cross-sectional area as flow enters the compression 
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chamber. Without the undercut the effective port area 
would be significantly reduced and the port width would 
be reduced to the thickness of orbiting scroll at d2. In 
general, the port width cannot be made greater than or- 
s biting scroll wrap thickness at this location, otherwise a 
high to low leak over wrap tips between compression 
chambers will result. By undercutting the port into the 
wrap, this problem is avoided. 

[0027] A worker in this art would be able to experi- 
io mentally or analytically determine the optimum size, 
depth and width of the ports 42 and 44. Moreover, the 
optimum angular location of the ports along the fixed 
scroll wrap can also be determined. Thus, as the two 
ports are designed they can be unequal both in size and/ 
is or position. 

[0028] By providing unequally sized and positioned 
ports, the present invention is able to achieve approxi- 
mately balanced mass flow, or other desired flow char- 
acteristics, into the two compression chambers. It 
20 should be understood that the illustrated embodiment is 
simply one application. Other arrangements can result 
given different fluid passage arrangements, wrap pro- 
files, etc. 

[0029] A preferred embodiment of this invention has 
25 been disclosed. However, a worker of ordinary skill in 
this art would recognize that certain modifications would 
come within the scope of this invention. For that reason, 
the following claims should be studied to determine the 
true scope and content of this invention. 

30 

Claims 

1 . A method of lorming a scroll compressor comprising 
3S the steps of: 

(1) providing an orbiting scroll with a general 
spiral wrap with a base and providing a non- 
orbiting scroll with a base and a general spiral 

40 wrap exiending from said base, said orbiting 

and non-orbiting scroll wraps being designed 
to interfit to define at least two compression 
chambers; 

(2) defining an injection port into each of said 
45 two compression chambers, and selectively 

communicating a source of refrigerant to each 
of said injection ports, said injection ports being 
positioned at a point intermediate a suction inlet 
and a discharge outlet, and said injection ports 
so being designed relative to each other to be un- 

equal in at least one of effective size and posi- 
tion, such that a desired relative mass flow o1 
the injected refrigerant into said two chambers 
is achieved. 

ss 

2. A method as recited in Claim 1, wherein said two 
injection ports differ both in size and in position. 
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4. 



A method as recited in Claim 1 , wherein said two 
ports are designed to achieve approximately bal- 
anced mass flow into said two chambers. 

A method as recited in Claim 1 , wherein said scroll 
wraps are provided to have a non-uniform thickness 
along their length. 



5. A scroll compressor comprising: 

an orbiting scroll member having a base and a 
wrap extending from said base, said orbiting 
scroll wrap having a non-uniform thickness 
along its length; 

a non-orbiting scroll member having a base and 
a wrap extending from said base, said wrap of 
said non-orbiting scroll wrap also having a non- 
uniform thickness along its length, said orbiting 
and said non-orbiting scroll wraps interfitting to 
define a plurality of compression chambers; 
a suction port and a discharge port; 
said non-orbiting scroll communicating through 
a passage with a source of refrigerant, said 
passage extending through said base of said 
non-orbiting scroll into at least two injection 
ports at a location intermediate said suction and 
discharge ports, and said two injection ports as- 
sociated with at least two of said compression 
chambers, said injection ports being unequal in 
at least one of size and position. 



opening time and the resultant difference in mass 
flow of refrigerant reaching each pocket. 

11. A scroll compressor as recited in Claim 5, wherein 
one of said injection ports has a portion undercut 
into said non-orbiting scroll wrap. 



12. 
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A scroll compressor as recited in Claim 5, wherein 
said injection ports are located at different angular 
positions measured from a seal off point of each 
compression chamber from suction. 



6. A scroll compressor as recited in Claim 5, wherein 
said two injection ports differ in both size and posi- 
tion. 

35 

7. A scroll compressor as recited in Claim 5, wherein 
said injection ports are associated with an econo- 
mizer cycle. 

8. A scroll compressor as recited in Claim 5, wherein 40 
said injection ports are used as by-pass ports and 

are associated with an unloader valve. 

9. A scroll compressor as recited in Claim 5, wherein 

a single fluid supply supplies fluid to both of said 45 
injection ports, and a communicating passage or 
passages communicates fluid to each of said injec- 
tion ports, said communicating passage or passag- 
es having different dimensions to one of said two 
injection ports such that the pressure drop between so 
said two injection ports is distinct, and said unequal 
design of said injection ports being provided to ad- 
dress the etlect of said unequal pressure drop. 

10. A scroll compressor as recited in Claim 5, wherein 5 - 
the opening time ol said two injection ports is dis- 
tinct, and said unequal design of said injection ports 
being provided to address the effect of different 



EP 0 980 978 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 6135 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with indication, where appiopriate. 
ol relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



Y 

A 

P,A 



EP 0 754 861 A (COPELAND CORP) 
22 January 1997 (1997-01-22) 

* column 6, line 57 - column 7, line 1; 
claim 1; figures 9,10 * 

PATENT ABSTRACTS OF JAPAN 

vol. 012, no. 404 (M-757), 

26 October 1988 (1988-10-26) 

-& JP 63 147982 A (SANYO ELECTRIC CO LTD), 

20 June 1988 (1988-06-20) 

* abstract * 

EP 0 768 464 A (DENS0 CORP ; NIPPON SOKEN 
(JP)) 16 April 1997 (1997-04-16) 

* column 13, line 51 - line 59; claim 1; 
figures 1,28 * 

EP 0 922 860 A (CARRIER CORP) 
16 June 1999 (1999-06-16) 

* claim 1; figure 1 * 



PATENT ABSTRACTS OF JAPAN 

vol. 006, no. 260 (M-180), 

18 December 1982 (1982-12-18) 

-& JP 57 153984 A (HITACHI SEISAKUSH0 

22 September 1982 (1982-09-22) 

* abstract * 



KK), 



PATENT ABSTRACTS OF JAPAN 

vol. 017, no. 151 (M-1387). 

25 March 1993 (1993-03-25) 

-& JP 04 321786 A (MITSUBISHI ELECTRIC 

CORP), 11 November 1992 (1992-11-11) 

* abstract * 

-/- 



1,3-5,7, 

9,12 

2,6,8 



1,5,7,9, 
10 



2,6 
8 

1,5 
1,4,5 



I, 5,7, 

II, 12 



1,5 



F04C 18/02 
F04C29/00 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



F04C 



The present search report has been drawn up for all claims 



PUC»M SMICh 



THE HAGUE 



tutt ot completion ol m« w»«rch 

9 November 1999 



Dimitroulas, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : oarticularry relevant if combined with another 

document of the some category 
A : technological background 
O : non-wrritien disclosure 
P : mtenneotate document 



T : theory or pnncipte underlying the invention 
E : earner patent document, but published on. or 

after the Ming date 
D : document cited in the application 
L : document cited tor other reasons 

& : member of the same patent f amity, corresponding 
document 



EP 0 980 978 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 6135 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
oi relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CL7) 



PATENT ABSTRACTS OF JAPAN 

vol. 1996, no. 10, 

31 October 1996 (1996-10-31) 

-& JP 08 144971 A (NIPPON S0KEN 

INC;NIPP0NDENS0 CO LTD), 

4 June 1996 (1996-06-04) 

* abstract * 



1,5,7,12 



TECHNICAL FIELDS 
SEARCHED <lnt.CL7) 



The present search report has been drawn up tor all claims 





Place of saarch 




Date of co 


mptotion oi th* search 


Exarmwr 




THE HAGUE 




9 November 1999 


Dimitroulas, P 




CATEGORY OF CITED DOCUMENT? 






T : theory or principle underlying tne invention 










E : earlier paiern document, but pi*3iisheo: on, or 


X 


pantcularty relevant if taken alon* 






after the filing cate 




Y 


particutarly relevant 8 combined wrth a no the* 




D : document cited in the 


application 




document of me same category 






L : document died tor other reasons 


A 


technological oackgrouno 










C 


ncn- written disclosure 






& : member of the same patent famiiy. corresponding 


P 


intermediate document 






document 





EP 0 980 978 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 6135 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP tile on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

09-11-1999 



Patent document 
cited in search report 


Publication 
oate 


Patent family 
member(sj 


Publication 
date 


EP 0754861 


A 


22-01-1997 


US 


5329788 


A 


19-07-1994 








DE 


69310275 


D 


05-06-1997 








DE 


69310275 


T 


14-08-1997 








EP 


0579374 


A 


19-01-1994 








JP 


6294390 


A 


21-10-1994 








US 


5447420 


A 


05-09-1995 


JP 63147982 


A 


20-06-1988 


JP 


2622960 


B 


25-06-1997 


EP 0768464 


A 


16-04-1997 


JP 


9105386 


A 


22-04-1997 








JP 


9133088 


A 


20-05-1997 








US 


5722257 


A 


03-03-1998 


EP 0922860 


A 


16-06-1999 


CN 


1219648 


A 


16-06-1999 








JP 


11230065 


A 


24-08-1999 


JP 57153984 


A 


22-09-1982 


JP 


1010675 


B 


22-02-1989 








JP 


1543076 


C 


15-02-1990 


JP 04321786 


A 


11-11-1992 


JP 


2653266 


B 


17-09-1997 


JP 08144971 


A 


04-06-1996 


NONE 









i For more details about this annex :see Official Journal of the European Patent Office. No. 12/8? 



THIS PAGE BLANK (uspto) 



